It was proved that the composition of the oils by conventional steam distillation extraction (SDE) process was much different from that obtained by supercritical fluid extraction (SFE) process using carbon dioxide. The oils from two processes extracted contain similar amounts of three major components such as α-pinene, myrcene and terpinolene, however, the oils by SFE had higher amounts of fatty acids and only citronellol. The extraction yield by SFE method was higher than by SDE, maintaining 0.054% (v/v) vs 0.032% (v/v), respectively. In general, the oils from SFE process can show better growth performance of nerve cells such as cell growth, initiation and elongation of the neurites, followed by that from SDE, compared to the results without supplementation (control). It was interesting that the oils could play an important role in enhancing the initiation of the neurites as well as improving the growth of the nerve cells. It was also found that the oils by SFE took only 20 min to react with the cells while the control took 160 min by kinetic analysis of the oils responding to the cells. The oils extracted by SFE definitely delayed apoptotic death of nerve cells, which could result in maintaining better cell growth and higher elongation of the neurites of the cell.
INTRODUCTION
Recently the effects of the oils on Central Nerve Systems (CNS) have been greatly interested since the volatile essential oils can directly affect the nerve systems (Colby and Blaustein, 1988; Seeman, 1972; Teushcer et al., 1990) . The influence of apolar synthetic compounds on the conductivity of nerve cells is well investigated (Colby and Blaustein, 1988; Seeman, 1972) . The oils may also interact with protein kinase C in the membrane and result in affecting the spontaneous rhythm of cardiac and nerve cells (Colby and Blaustein, 1988) . However, some work is still needed on the effect of the oils on nerve cells such as cell growth and differentiation characteristics, neural connectivity and signal transduction system, as well as interaction with the functions of nerve growth factors like Nerve Growth Factor (NGF), Neurotropins-3 (NT-3) and Brain-derive Neurotrophic Factor (BDNF) (Fantl et al., 1993; Willis and Cogeshall, 1997) . Especially mammalian nerve cells have many limitations in low proliferation and differentiation of the neurites compared to other cell lines (Kaplan et al., 1993) . Therefore, it is necessary that the efficacy of the essential oils on proliferation and differentiation of nerve cells should be studied. It will increase the possibility of treating nerve related diseases, such as Alzheimer's and Perkinson's disease (Schorderet, 1995) by using essential oils from especially Juniperus rigida Sieb. which has been used for refreshing the brain and improving memorizing ability since old ancient (Joon, 1981) .
In general, there has been great discrepancy in composition of the oils from medicinal herbs according to extraction methods (Pino et al., 1997) . However, comparison of biological activities according to extracts methods has not been well made so far except for comparing the compositions of the oils by solvent extraction, superciritical carbon dioxide extraction and other combined methods (Pino et al., 1997) . It has been proved that the use of supercritical fluid is most effective in extracting essential oils from plant resources due to exclusion of air, use of inert solvent and increasing solubility of the oils in high pressure and low temperature (Kerrola, 1995) , which do not negatively affect the extraction yield and pharmacological activities of volatile flavors in the plants. Therefore, in this work, compositions of the oils from Juniperus rigida Sieb. by most commonly used two different extraction methods such as steam distillation extraction (SDE) and superciritical cardon dioxide extraction (SFE) should be examined, and their biological activities of proliferating and differentiating nerve cells will also be investigated.
MATERIALS AND METHODS

Test Compounds
Sun-dried leaves of Juniperus rigida Sieb. were grounded down to 250 mesh particles. The oils from grounded samples were isolated by conventional SDE (Whish, 1996) and SFE using ISCO (model SFX2-11, USA) (Kerrola, 1995) . The detail SFE conditions were as follows: 50 g of grounded samples was extracted in the vessel at 55'C and 45 MPa for 5 h. The extracts were collected in tubes placed in amber-colored bottle and stored at 4°C before use. The concentration of the oil was analyzed by GC/MS (HP II 5890, USA) equipped with a flame ionization detector. The size of the column was 1.9 m x 0.25 mm, 1.0 µm film thickness. The operating condition were: initial temperature was 60°C for 5 min and increased by 5°C/min, final temperature to 280°C for 7 min. Injection temperature was 180°C and carrier gas was helium at 10 psi (1:20 split ratio). MS obtained at 7 eV. The composition of the peaks was identified by using IDENT data base file (Fox Holdings, USA) with mass spectral fragmentation and retention indices.
Cell Lines and Culture Condition
Rat adrenal nerve cell (PC12, ATCC, USA) was grown in DMEM/F12 basal medium containing 365 mg/L of L-glutamine (GIBCO, USA) and enriched with 20% FBS (GIBCO) in a 37°C CO 2 incubator supplying 5% CO 2 in air. The cell growth was measured by a trypan blue dye exclusion method every day after trypsinizing the attached cells from beads by 0.23% trypsin-EDTA (Cunha et al., 1990) . Apoptosis of the cell was observed by a fluorescent dye method as follows: Collected beads from the reactor were trypsinized by 0.25% trypsin to detach the cell from the base. Then, 100 µL of the cells were mixed with 4 mL of a dye solution, which contains acridine orange and ethidium bromide (1:1 v/v), and finally, the cells were counted through a fluorescent microscope (Olympus, Tokyo, Japan). The size and numbers of the stained cells were counted and from pictures were compared to those of normal cells (Cunha et al., 1990) .
The cell growth was expressed as specific growth rate, µ (1/day) as well the maximum cell density, whose equation was as follows: (Teushcer et al., 1990) where X is the cell concentration (viable cells/mL) and t is cultivation time (day). Kinetic growth of nerve cells in adding the sample was also observed by a microphysiometer (Molecular Device, CA, USA), which can monitor the response of the cell at the interval of minute. It can clearly reveal the response pattern and delivery system of the oils into the cells rather than using MTT or SRB which can only measure the starting and end point of the growth (Wada et al., 1992) . The detailed procedure was as follows: Cells are grown and tested in a compact flow chamber into which metered volumes of liquids can be introduced and then removed. The cell chamber contains 10 5 to 10 6 cells. The pH of the culture medium is measured with a light addressable potentiometer sensor (LAPS), which serves as one wall of the flow chamber. The sensor detects changes in surface potential, which depends on pH in a Nernstian way (61mV per pH unit at 37°C), similar to glass pH electrodes. Then, the system measures net metabolic activity of small numbers of cells in real time.
All data were measured at least triplicates and the mean values were expressed as standard errors of mean (S.E.M.) for confidence by bar errors in figures using SAS (SAS Institute, Cary, NC, USA). Statistically significance was also analyzed by Student t-test (Schefler, 1985) .
RESULTS AND DISCUSSION
The oil compositions of the leaves of the Juniperus rigida Sieb. are compared in Table 1 according to extraction methods. The total amounts of the essential oils extracted by both SDE and SFE were estimated as about 0.032% (w/w) and 0.054%, respectively. SFE process seems to be more effective in extracting the oils based on the extraction yield than SDE. It is obvious that the oils from two different processes contain different compositions of the components even though α-pinine and myrcene were identified as same major components. However, the concentrations of other components were much varied, especially for limonene, citronellal, terpinolene, and similar compounds. It is also interesting that the oils from SFE only contain many kinds of fatty acids, not from SDE.
The effect of the oils from both processes on the growth of nerve cells, PC12 was observed in Fig. 1 since the flavor of the oils could directly affect the nerve system, not through blood circulation in case of oral administration. The oils from SFE definitely improved the growth of the nerve cells better than those from SDE for all ranges of supplementation. In the above 0.8 g/L of high addition, the cell growth was much enhanced, compared to other cases. It implies that the efficacy of the oils might be maintained in only adding higher than certain level of supplementation. This hypothesis can also be supported by the data that the cell growth was gradually improved as the addition of both kinds of oils was increased, compared to the control (not treated) as shown in Fig. 1. Fig. 2 shows the increase of neurite-bearing cells and the growth of the neurites besides the cell growth. The growth of neurites and neurite-bearing cells is as important as the growth of the cells itself because the function of the nerve cells should be maintained only when neurites were active and elongated (Faden and Saljman, 1992) . The length of the neurite did not seem to grow without adding the oils and dropped after five days cultivation even the cell grew according to cultivation time (Fig. 1) . In adding the oils from SFE, the length of neurites was greatly improved only after three days cultivation, then remained steady until seven days cultivation, compared to the drop after five days cultivation for control case. Similar trend was observed in adding the oils from SDE, however, it could not maintain the growth of the neurites as long as the oils from SFE did even though longer than that for the control. Number of neurite-bearing cells was also greatly increased after the first three days of the cultivation, then remained relatively constant only until five days cultivation, but the growth of the neurites continued for seven days. It might tail that the oil might work on first initiating the growing neurite in each nerve cell. Then, once the neurite-bearing cells were initiated the growth of the neurite, the neurite was lengthened independently. Therefore, it should be noted that it is important to keep first the nerve cells be active in initiating neurite-bearing rather than lengthened the neuritis. The oils from SDE also increased the number of neurite-bearing cells, then number of the cells was gradually decreased even though the length of the neurite was steady even increased during that period.
The responding pattern of the oils to nerve cells was kinetically observed in Fig. 3 . Without adding the oils (control), the cell growth would not be improved according to cultivation time while there seemed to be a little increase of PC12 cell growth in adding 0.8 (g/L) of the oils from SDE process after 160 min of administration. Then, the cell growth remained relatively constant. It could not be said that the oils from SDE definitely increase the growth of PC12 cells as shown in Fig. 1 by conventional method such as checking only the end-point of the growth. However, the oils extracted by SFE showed the remarkable enhancement of cell growth only after 40 min. Therefore, it is apparent that the oils from SFE can improve the growth of nerve cells within 40 min. of the addition, compared to the cases of the oils from SDE and the control. It implies that the oils from SFE can more rapidly affect the cell growth after adding the oils than the oils from SDE and even the control: 20 min. vs. 140-165 min. The nerve cell growth was enhanced very fast within 20 min., up to 250-280%, and its enhancement was similar to that obtained by conventional SRB method for 3-4 cultivation. It is sure that the oils from SFE can influence the cell metabolism by rapid diffusion for an initial period in adding the oils into cells. However, the oils from SDE responded relatively slower after 140 min. of the treatment than the oils from SFE. It will also support the hypothesis that the oils from SFE had better biological activities than the oils from SDE and the case of control. Table 2 is also to quantitatively compare the growth of nerve cells by estimating growth parameters. In general, the oils from SFE can maintain better cell growth and specific growth rate than those from SDE and the control. Cell growth and maximum cell density did not seem to be different from the oils from both sources; however, the oils from SFE made better influence on number of neurite-bearing cells and growth of neurites from the cell than that from SDE. It is also obvious that oils can improve growth performance of nerve cells, compared to the data without supplementation. Fig. 4 also shows the effect of the oils on apoptosis of nerve cells. For control growth, ca. 1.2 x 10 5 viable cells/mL of maximum cell density was observed at the fourth day of cultivation while the cell growth was not much enhanced only to 1.6 x 10 5 viable cells/ml with the addition of the oils. However, the ratio of apoptotic death of PC12 cells greatly reduced with the addition of 0.8 g/L of the oils from SFE and SDE, resulting in only 20% and 43% apoptotic death, respectively. This can be compared to 80% apoptotic death for control. It can be postulated that the oils from SFE and/or SDE have a function of delaying and/or limiting the apoptosis of nerve cells, resulting in better cell growth and high initiation of neurites within the cell. The results would explain complex functions of the essential oils on nerve cells, and be used for increasing the understanding and utilization of the oils on human bodies. It will also be used for estimating the efficacy of the oils by using in vitro rapid methods. However, it needs further investigations about detail functions of individual oils in the crude from SFE process along with in vivo animal studies.
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